Introduction
The palm oil industry is experiencing a rapid growth in many countries in Southeast Asia, especially Indonesia. Palm oil has become the leading trading commodity of the region in recent decades. Despite the growth, the Indonesian palm oil industry, nonetheless, continuously strive to improve their competitiveness in the international oil trade. The Indonesian government, as well as the palm oil players in Indonesia, recognise the challenges associated with the sustainability issues as a result of the dynamics and uncertainties (Widodo et al., 2010) . For that reason, research in palm oil supply chain management, e.g. Djohar et al. (2003) , Hadiguna and Machfud (2008) , Hadiguna (2009) , Alfonso-Lizarazo et al. (2013) and Cảceres et al. (2015) give considerable attention to the issues of operations effectiveness, especially those activities that are related to the mitigation of risks.
Risks in the palm oil supply chain are not solely caused by the susceptibility within the supply chain itself, but more importantly by threats imposed by the various conflicts of interest amongst ecological, economic and social aspects (Hadiguna, 2012b; Widodo, 2010) .
A decrease in the global palm oil price, for instance, will disrupt the stability of the supply chain, as palm oil farmers tend to be reluctant to sell the palm fresh fruit bunches, which subsequently disrupts the fulfilment of the palm oil production targets. In addition, social threats, such as non-tariff barriers on palm oil waste pollution, are the risks that could also destabilise the entire supply chain. Under these circumstances, the economic, social and environmental risks need to be managed effectively to ensure business stability (Bloemhof, 2005) , which otherwise could evolve into business challenges if not addressed early enough (Carter and Easton, 2011) .
Mitigating the risks will subsequently reduce their impact (Nooraie and Parast, 2015) . In the case of the palm oil supply chain management in Indonesia, risk mitigation is typically carried out by strengthening the coordination amongst the three components of the palm oil supply chain namely Plantation, Production and Port Storage (Hadiguna and Machfud, 2008) .
This often requires a framework to manage the effective flow and usage of information from upstream to downstream and vice versa. The most common way to ensure the effectiveness of such coordination using a framework is to constantly predict the risks and measure the performance of the supply chain, so that the planning and control of the palm oil supply chain can be done more effectively and efficiently. This paper proposes a conceptual framework that can be used to manage the sustainable palm oil supply chain by integrating the performance measurement, risk assessment and supply chain optimisation. The framework is deployed via a model, describing the detailed procedures that need to be carried out in order to plan and control the palm oil supply chain. This paper is organised as follows. Section 2 describes the review of literature in the research areas related to a sustainable supply chain that then leads to the justification for research.
Section 3 discusses the methodology adopted in this study. The primary output from this paper is a framework that will be discussed in detail in Section 4. In order to illustrate how the framework could be applied, a case example is presented in Section 5, before the discussion in Section 6. The paper concludes with discussion on the practical and theoretical implications of this paper and some future work.
Literature Review

Related work
Generally, a supply chain can be defined as a set of companies, directly linked by one or more of the upstream and downstream flows, of products, services, finances and information from a source to a customer (Maryam and Habib, 2013) . In the context of an agricultural supply chain, a set of companies can be broadly substituted by a set of activities that produce fresh or processed products from farms, using appropriate technologies that add value to the final products. The supply chain of fresh agricultural products, such as vegetables, flowers and fruits, will therefore typically involve farmers, auctioneers, wholesalers, importers and exporters, retailers and speciality stores, and third party logistic providers.
Palm oil is an agricultural-based product which is processed using a series of activities from the harvest of the palm fruit bunches to the palm oil production along the chain of storage and distribution. This may include handling, conditioned storing, packing, transportation, and special trade goods. As with other perishable products, the main issue faced by the stakeholders in the palm oil supply chain is to ensure the product is fresh when reaching the hands of consumers. Palm oil, like other processed products such as canned meats, snacks, juices, desserts, and cooking oil, has a high economic value and as such it is usually processed using a state-of-the-art technology to prolong its shelf life. A palm oil production system, in general, can be illustrated using a block diagram in Figure   1 . The main inputs are commodity and non-commodity raw materials. Commodity raw materials are the palm fruits from the farm. The main outputs of the palm oil processing are intended products (palm oil) and by-products. Waste will inevitably be produced during the production process. Whilst waste does not add value, it still consumes energy, other additives and non-commodity raw materials that are needed in the process to produce high quality palm oil. Monitoring clearance is required to monitor all the activities and processes in order to meet the production targets.
As with other supply chains of agricultural-based products, the palm oil supply chain also suffers from inconsistent raw material availability, perhaps due to seasonality in crops, high loss potential during transportation from farm to factory, inappropriate or obsolete processing and ancillary equipment, a lack of qualified food technologists, poor/inconsistent quality of processed products and inappropriate material packaging and high packaging costs.
Research in palm oil supply chain has been extensively carried out at least since early 2000's, focusing on different levels of the supply chain, trends and risks. For instance, Hansen et al. (2015) , using bibliometric analysis, described a particular trend in sustainable palm oil in academic papers published during the period of 2004 to 2013. The results of this study have revealed various academic and scientific contributions at both technical and policy levels. Oosterveer (2015) analysed the shifting power relationships in developing countries to address the challenges of palm oil supply sustainability. The characteristics of the global palm oil production and consumption, its usage and the number of actors involved, often prevent effective promotion of sustainable palm oil. Cảceres et al. (2015) developed a model of a tactical optimisation of the palm oil supply chain to minimise the fixed costs of logistics Sustainable supply chain management is an approach to manage the processes and activities of the entire supply chain to improve company performance, by taking into account the economic, environmental and social aspects as a whole (Blengini and Shields, 2010) . The sustainability paradigm, therefore, balances economic development, environmental security and social justice (Sikdar, 2003) . According to Bloemhof (2005) , the scope of today's supply chain management has extended to cover two important areas: 1) maximising the economic, social and environmental benefits and 2) applying the closed-loop supply chain management (Guide and Wassenhove, 2009 ). This combines the forward and reverse supply chain to minimise pollution and waste. The latter is closely related to the concept of reverse logistics (Pokharel and Mutha, 2009) , green Supply Chain Management and green marketing (Papadopoulos et al., 2010) . The focus of sustainable supply chain management is, therefore, to adopt the sustainability principles starting from raw material procurement, to delivery of the finished products to consumers (Linton et al., 2007) . Consequently, the supply chain must be viewed, not as the end of consumption, but as the starting point of origin (Svensson, 2007) . Linton et al. (2007) argued that sustainability is a critical integrated business policy as the current legal trends lead to sustainability issues. This is relevant to the palm oil supply chain, as the total cost should include the impact of resource consumption, converted into waste and pollutant. A sustainable palm oil supply chain should manage all the processes involved in the palm oil production and distribution, using environmentally-friendly inputs, and the conversion of the inputs into the outputs, using technologies that cause no harm to the environment. This process also results in outputs that can be reclaimed and possibly reused at the end of the product life cycle (Kushwaha, 2010) .
Various models related to sustainable supply chain have been proposed and discussed by many researchers and the topic has continued to grow over time. Widodo (2010) for instance, formulated a scenario to integrate the palm oil industry in Indonesia by applying the system dynamics simulation technique. Solvang and Hakam (2010) built a conceptual model addressing economic and environmental interests in the context of logistics network in Norway. Chung and Wee (2006) developed a mathematical model to investigate the pricing and replenishment policy that involves remanufacturing the supply chain system regarding Sarkis et al. (2011) reviewed the organisational theories of a green supply chain.
The issues surrounding the sustainability of palm oil supply chain management have also received substantial attention from relevant researchers. Risk management of the palm oil supply chain in Indonesia has been discussed by Hadiguna (2012a) who proposed a framework of supply chain risk assessment. Hadiguna (2012b) then applied the risk assessment model assessing the risk level of the sustainable supply chain in Indonesia, using non-numeric multi-criteria decision making. Hidayat and Marimim (2014) and Hidayat and Nurhasanah (2014) , applied agent-based modelling to assess the operational risks and investment development of the industry and its derivatives, from the perspective of supply chain management. Gunarta et al. (2013) built a model of geo-spatial multi-criteria decisionmaking to select the location of crude palm oil mills by considering sustainable criteria. Hidayatno et al. (2011) applied a system dynamics model to analyse the production chain of biodiesel from palm oil. Hayashi (2007) Omain et al. (2010) and Padfield et al. (2011) discussed the practice of a supply chain of palm oil, and analysed its environmental, social and economic impacts.
Justification for research
This research derives its root from the concept of sustainable supply chain, for instance, the work of Savino et al. (2015) , Torres et al. (2015) , Marshall et al. (2015) , Gopal and Thakkar (2016) and Colicchia et al. (2016) . Savino et al. (2015) integrated the concepts of sustainability and green supply chain by adopting the Value Chain Operations Reference model (VCOR) and Supply Chain Operations Reference (SCOR) to evaluate the economic performances of a supply chain from the perspective of sustainability. The tool has been used to evaluate the sustainability indicators. Torres et al. (2015) developed a framework using an inductive case study research to calculate the green-house gas emissions from the agro- Marshall et al. (2015) built a conceptual model of supply chain management sustainability practices using a combination of the environmental and social supply chain as a theoretical framework. This study is aligned to that of Gopal and Thakkar (2016) who identified critical success factors of the implementation of sustainable supply chain management practices in the automobile industry. Colicchia et al. (2016) formulated a multi-objective mathematical model for a supply chain network that emphasises efficiency and ecological aspects of choosing alternative transit and delivery points.
Increasing the competitiveness of the palm oil supply chain management requires a comprehensive approach. We argue that risk management, performance evaluation and production planning are the three important elements required to effectively manage this supply chain. However, frameworks that integrate risk, performance and production measures holistically, in the context of supply chain management of sustainable palm oil, appear to be lacking.
As with other agro-industry supply chain operations, material, information and financial flows in the palm oil supply chain are equally complex, as both inter and intra flows have interdependencies. The complex supply chain operations must therefore be managed using a set of key success factors which significantly improve the efficiency and effectiveness of supply chain operations. These factors could therefore help the decision makers plan, manage and control operations more effectively and efficiently.
Methodology
The study described in this paper has been conducted within the context of an internal supply chain system that includes palm oil plantations and processing plants located in Indonesia, who are also the main beneficiaries of the study described in this paper. The palm oil plantations might be nucleus, plasma or third-party sourced. The supply chain discussed in this research originates from an empirical case and thus a single case study has been deemed suitable and hence chosen as the research method. The primary data were collected from direct field observations corroborated by relevant stakeholders who were chosen because of their expertise, know-how and experience in the management of palm oil plantations and production, especially at an operational level. The figure is based on the premise that the pillars are in fact part of the decision functions within the supply chain operation; the function to utilise the resources in the most effective manner in order to achieve the targets set. The 'roof' indicates the direction to be achieved by the company. The risk assessment and performance measurements represent the control and evaluation functions required to achieve the targets. The key success factors are located in the centre as the 'heart' of the management process. Decision variables in optimisation, assessment, and measurement must then refer to the key success factors.
Risk assessment consists of criteria, likelihood, severity, and algorithms, and is applied to predict the risks 1 at an operational level. Performance measurement will be applied to evaluate and control the entire supply chain targets and consists of performance indicators, scaling technique and algorithms. Supply chain optimisation will optimise the decision variables as the intended targets.
Guided by the three pillars, the development of a model will thereby follow a three-stage process, namely:
1 Whilst these operational risks have been carefully identified, there might be other risks (i.e. land rights, political issues of even/uneven power relations in the supply chain) that are beyond operational concerns but need to be carefully addressed. This, however, is beyond the scope of this paper. 2) Selection of the supply chain management concept.
3) Development of the relevant frameworks.
The role of each component in the framework is illustrated in Figure 3 . (Tables 1 to 3) required in the assessment process. By understanding these indicators, potential economic, environmental and social risks can be listed. Performance measurement consists of flexibility factors, market sensitivity, virtual network and process integration.
The components of objective function include operational costs, revenues (intended product sold) and benefits (by-products sold and used products). In this instance, the objective function is to maximise the revenue or profit or minimise the operational cost. In addition, the model is formulated using multi-objective optimisation that minimises a sustainable 
System Development
The decision making framework has been implemented as an integrated model that includes key success factors, risk assessment, performance measurement and optimisation functions.
Key Success Factors
A typical palm oil supply chain can be split into three main groups of activities namely upstream, midstream, and downstream. Upstream activities are referred to as the harvesting and transportation of the fresh fruit bunch (FFB) which becomes raw material of the palm oil producer. Midstream activities include the production, storage and transportation of crude palm oil, whilst downstream activities involve storage and distribution of palm oil to end customers.
The key success factors are shown in Table 1 , listing all the indicators in the upstream operations. Table 2 shows the indicators to measure the performance of midstream operations, whilst indicators of downstream operations are shown in Table 3 . Tables 1, 2 and 3 originated from the direct observation of the palm oil industry followed by a number of discussions with industry practitioners and researchers.
The observation was done by studying the activities involved from the palm oil plantation, processing and transportation. During the observation, discussions with the plant manager helped improve familiarisation with the palm oil supply chain.
The next stage is to formulate the indicators used to assess the risks and the operational performance of the supply chain. The results from the observation and discussion underlie the triple bottom lines of the sustainability, namely economics, environmental and social. The indicators were then mapped against those sustainable aspects.
The final stage is to confirm and finalise the indicators formulated in the previous stages by involving five experts in palm oil consisting of academics and practitioners. The experts triangulated the list of indicators and checked if they are truly relevant to the sustainable supply chain.
Risk Assessment model
Palm oil supply chain activities involve several stakeholders, namely farmers, governments, and companies who have distinct interests in both time and space dimensions. The pressure of the business environment and internal circumstances of the stakeholders will undoubtedly create disturbances and uncertainties. A risk, triggered by a particular disturbance or uncertainty, is considered to be any unexpected event and loss, be it financial or brand image, which could be detrimental to the business in the future.
The risk assessment model consists of two parts: an assessment of the likelihood of the risk and an assessment of impact from the risk. Risk aggregation is the outcome of probability and violence risk. The risk assessment model incorporates an algorithm based on a multi-expert model of multi-criteria decision-making (Yager, 1993) . The risk assessment that has been formulated comprises the following steps:
Step 1. Set the number of expert risk assessors (r) and the grading point scale (q) where r = 1, 2, .., m, q = 1,2 ..., n.
Step 2. Provide assessment of possible risk to each expert k = 1, 2, ..., r for all risk drivers i.
Step 3. Provide risk assessments by each expert k for all i risk drivers. Calculate the aggregation value of experts for likelihood and impact. Step 4. Furthermore, the measures are initiated by the aggregation value reordering of values, based on the highest scale value to the lowest scale, B(j) for each j-th indicator where j = 1,2, ..., r.
Step 5. Define alignment arithmetic function Q A (j) for each indicator using the following formula: Q A (j) = Integer[1+k(q-1)/r].
Step 6. Compare Q A (j) and B(j). Select the minimum value of Max[Min {Q A (j), B(j)}] for each j = 1,2, ..., r.
Step 7. Repeat this process to obtain the aggregation factor levels.
Step 8. Put the aggregate value of possibility of any risk factors as P i and impact of factors as I i .
Step 9. Set the negation of I i as Neg(I i ). Get the value of final aggregation as
Performance measurement model
Performance measurement is required to manage the supply chain both midstream and downstream. The performance measurement of the proposed framework focuses on the operational issues in which the indicators formulated into the model are thus specific to the palm oil supply chain operations. The model here has been aligned with the SCOR model, as it is sufficiently systematic yet reasonably generic to incorporate sustainability issues of the supply chain (Ntabe et al., 2014) .
There are two types of performance measures, namely partial and total performance. Both performance types can be formulated as follows:
where PM i is a measure of partial performance for the i-th objective PT is a measure of total performance w ij is the weight for i-th and j-th factor. Step 1. Set the weight and performance of each indicator.
Step 2. Calculate the score for each factor for period t and store in the database.
Step 3. Calculate each factor obtained by comparing performance with the targets set.
Save the results in the database. The score of each indicator is based on the achievement of predetermined intervals and stored in the database.
Step 4. Calculate the PM i for the period t and store in the database. Retrieve the weighting for each factor of i-th objective. Calculate the product of w ij and s ij for j. Sum the results of time and store in the database. Calculate PT for period t and store in the database. Retrieve the weighting of each factor from the database.
Retrieve the PM i from the database to compute the product w ij and s ij for i and store in the database.
Step 5 
Optimisation model
Optimisation is a role model for incorporating risk assessment and performance measurement into supply chain planning and the sole objective is to minimise the total operational costs.
Parameters and decision variables of the model are denoted as follows:
A t is availability of fresh fruit bunches (FFB) from nucleus in period t in the fuzzy numbers B t is availability of fresh fruit bunches (FFB) from plasma in period t in the fuzzy numbers D t is availability of fresh fruit bunches (FFB) from third parties in period t in the fuzzy numbers KP is availability of plant capacity M t is crude palm oil demand in period-t rs t is fresh fruit bunches yield factor of the nucleus rp t is fresh fruit bunches yield factor of the plasma ri t is fresh fruit bunches yield factor of the third parties 
FFL t is quantity of fresh fruit bunches from third parties in period t
The mathematical formulation can be defined as:
subject to
The objective function is the total cost, consisting of minimising the cost of the purchase of fresh palm fruit bunches, processing costs, labour costs, and cost of transporting the fresh fruit, harvested from the palm plantation to the palm oil processing plant.
The model has five constraints. The first is the priority of fresh palm fruit supply, both from the plantation and plasma. Processing of the fruit is given priority to ensure the fresh fruit is processed and harvested completely. If there is a shortage in the plantation, fresh palm fruit will be sourced from a plasma plantation before being bought out from the third party plantation.
The second constraint is the volume of crude palm oil (CPO) produced in accordance with the supply of fresh fruit. Prior to the examination, specifications of fresh fruit processed are computed first. The yield factor of the fresh fruit bunches (FFB) will also affect the CPO produced. The relationship between the amount of palm oil produced and fresh fruit bunches is represented by the quality and yield factors and the total CPO production may not exceed the forecast demand in a certain period or the plant capacity.
The third is the CPO inventory control in the bulk tank. The level of the CPO inventory bulk tank is usually determined by the previous period, the current production and the current
demand. An additional condition to consider is the safety stock that must be met in each period. The capacity of the bulk tank will itself become the constraint, as the stock cannot exceed the capacity of the bulk tank.
The fourth is the manpower requirement of the harvested fresh fruit that cannot exceed the availability of labour. The maximum labour during harvest (Max CPM) can be calculated, based on the amount of fresh fruit harvested, divided by the capacity per person. The final constraint is the truck requirement that also must not exceed the availability.
Model configuration
As previously mentioned, this research proposes a framework that can be used to assist decision making in the planning and operation of the palm oil supply chain. Risk assessment, performance measurement and production optimisation models, therefore need to be integrated. This integration will subsequently show the relationship between the models.
The model configuration allows the components of the framework throughout the entire system to interact and support the decision-making process. Technically, the configuration consists of a database, a model base and a knowledge base system shown in Figure 4 . The model application consists of three stages. First, a user performs a risk analysis, based on the indicators specified in Tables 1 to 3 . The level of risk is part of the production planning.
The second is to measure the supply chain performance using the same indicators. Some indicators using separate data inputs must be prepared beforehand. Finally, the user executes the production planning optimisation model.
Combining the three main models will integrate both the operational and tactical levels. Risk assessment and performance measurement describe the macro conditions of the supply chain, which contain elements of uncertainty. Macro conditions will be an important consideration in production planning at the operational level of the company. With the framework implemented, decisions can be made at both tactical and operational levels. This integration is required to plan and control a comprehensive supply chain. 
Application of the framework
The conceptual framework has been built upon, and reflects, the supply chain of a stateowned palm oil company in Indonesia. The factors included in the framework are considered the core processes of the palm oil supply chain operations. Production planning, operations 
Reuse and recycle 
The third step is to measure the supply chain performance, using the same scoring system as for the risk assessment. The scoring system must follow a certain condition, for example, the less the criminal threat, the better the performance. The outcome from the supply chain performance identified by experts is shown in Table 5 . 
The outcome from both the risk assessment and performance measurement would become a major consideration in production planning. The computational algorithm was then used as a basis of the heuristic rules. The formulation of rules is as follows: IF (performance (4) to (15)).
In this research the formulation of the rules has purposely not been done in great detail. The manager can observe the best performance, such as request (VH), whereas the risk of demand is H. Managers may assign (corresponding rule base) adjusted demand.
The results of the production planning model can be seen in Table 6 . The calculation, using
Excel Solver can be seen in Figure 5 . This example illustrates the production planning for a twelve-month period. 
Discussion
This study has resulted in a framework that can be used by the palm oil processing companies to enhance their operational performance and reduce the risk of infringements to the sustainability issues. The integration of risk assessment, performance measurement and optimization of production systems for sustainable palm oil supply chain in a cohesive manner has never been done before. The proposed framework is innovative from the sustainability standpoint. The key success factors included in this paper consider indicators that are closely related to supply chain operations (rather than strategy), e.g. improvement of operational flow and efficiency. The contributions of this study thus reinforce the significance of a holistic view of the integrated risk assessment, performance measurement and optimization of production of palm oil.
The case example discussed in this paper has illustrated how the proposed framework might be implemented to support decision making. To become more practically applicable, the framework must be deployed in the form of a software tool, and be embodied into a Decision Support System (DSS) that can be used by decision makers in the planning and operation of the palm oil industry supply chain.
Many palm oil companies, especially in Indonesia, often emphasise the improvement of productivity by solely focusing on production planning yet consider risk assessment and performance measurement as a separate issue 2 . In reality, companies need to better understand future potential risks in order to set realistic targets. For this, performance measurement is necessary to conduct a proper risk assessment. The levels of risk identified from this risk assessment can then be used in setting the realistic targets required in production planning.
There are three distinct aspects that act as the backbone of the framework. They are risk assessment, performance measurement and production planning. This framework can help decision makers evaluate the performance of the supply chain, and the results of the performance measurement model can be used to optimise palm oil production. The performance measurement results are also useful to predict the risk level in the supply chain. Supporting measures are needed to prepare the flow pattern of information that describes the types of data, measurement, responsibility, and benefits from the information. Thus, the availability of information technology infrastructure is critical.
Having developed and applied the framework, some of the perceived benefits to be gained are:
• Price stability of the fresh fruit bunches (FFB) could be maintained
• Supply chain costs could be better controlled through a more effective risk management
• Performance improvement could focus more on low value indicators to enable the supply chain to operate more effectively and efficiently
• Waste management from the raw materials processing could be done in a more controlled manner, so as to increase the economic value for the company.
The managers will benefit from the implementation of this system if a user-friendly software tool is successfully designed. The benefits could include more realistic target planning, Risk assessment developed in this study is an integral part of the supply chain management.
The predictive value of risk is defined as the quality of risk that may occur. An assessment was carried out by decision makers at the operational level. Having identified and assessed the risks, the decision makers must select alternative options that should be carried out in order to mitigate any risks. One way to do this is to determine the actions to cope with any potential risk to the operational units.
The case study demonstrates that the framework is applicable to the operations of sustainable palm oil supply chain. The results also provide some important insights for improving the operational management issues of sustainable palm oil supply chain in Indonesia.
There are several recommendations that the industry should consider: a) At the plantation level, by increased surveillance during the harvesting of the palm fruit, minimising the transport times of harvested fresh fruit bunches to the factory, reducing unnecessary handling in order to reduce the likelihood of the fruit being wasted or leftover, ensuring the availability of transport for the harvested fruit and supervising the loading and unloading from the truck.
b) At the palm oil factory, by maintaining the accuracy of the sorting process, maintaining the quality of the fruit on the loading ramp (a temporary build-up), checking the reliability of the process parameters and machines, controlling the length of time crude palm oil is kept in the storage tank and improving the quality of care for crude palm oil in the storage tank.
c) The storage at the port could be improved by controlled loading and unloading of the crude palm oil, ensuring the availability of tankers as needed, checking the quality of the oil in the storage tank, controlling the length of time crude palm oil is kept in the storage tank and maintaining the reliability of storage tank. and yield. The production plan is a requirement of the senior management, typically scheduled monthly as part of the corporate strategy to address production issues. The total production of crude palm oil is affected by the value of all the available raw materials to be processed. The production plan involves all parties, both in terms of raw material procurement, production, quality assurance and marketing. The relevant decision makers, such as the plantation manager, factory manager and the marketing section need to discuss the results of the production planning.
Important roles in the production planning system of crude palm oil supply chain include:
• Supporting the success of the marketing function to achieve sales targets.
• Participating in the preparation in budgets and financial plans of the company.
• As indicators of performance, required to control the overall production strategy.
• Supporting the successful coordination between managerial functions.
• As a formulation of strategy, vertically and horizontally, at the enterprise level.
The application of this method relies on the availability and consistency in the interpretation of data. The risk assessment and performance measurement using the non-numerical evaluation can be done by the managers based on the benchmark set by the company. A database system will then determine the accuracy of their assessment. Coordination between the unit processes along the supply chain is therefore crucial to the success of this method.
Finally, consideration of performance was part of the process of coordination between supply chain operational units that requires a smooth flow of accurate and timely information.
Models were developed to help the decision makers because the company can perform aggregate planning, and coordinate the results with the various units involved. Certainty is an important factor providing assurance to the plasma plantations (external supplier of raw materials) which are needed by the companies to maintain the economies of scale.
Coordination and collaboration create a close partnership between the company and suppliers, where suppliers have a responsibility to maintain the continuity of the availability of raw materials, based on the information provided. 
Conclusions
This study provides a platform for the effective operation of a palm oil supply chain, especially in the context of Indonesia. From the study, it can be concluded that there are three critical components involved in the supply chain management of palm oil, namely risk assessment, performance measurement and optimisation model. Key indicators that are required for risk assessment and performance measurement have been identified, formulated and applied as a conceptual framework, manifested in the form of the DSS that can aid decision makers in solving the underlying problems facing the palm oil supply chain. The DSS achieves this by guiding them to the root of the problem, so that the problem resolution can be appropriately targeted and executed.
The DSS includes three models that are interdependent. The relationships between the models have demonstrated the efficacy of the framework and the DSS, especially in the planning and operations of palm oil supply chain. Although the concept presented in this paper is applicable to a variety of supply chains in manufacturing sectors, some parts would require minor modifications, according to the needs and interests of the stakeholders. The direction of future research is to develop a software tool and continue to further test the framework, perhaps in similar industry settings, e.g. perishable products. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
